In order to clarify the taxonomic status of an RNA coliphage, MX1 (a serological intermediate between groups III and IV), we examined (i) read-through protein synthesis in a cell-free protein-synthesizing system, (ii) the peptide map of the coat protein and (iii) the RNA sequence in the Y-terminal region of MXI RNA. We found that the characteristics of MX1 were closer to those of group III phages than to those of group IV. For example, the gel electrophoretic pattern of the protein coded for by MX1 RNA was the same as that of group III phage proteins. Peptide fingerprints of the coat protein of MX1 showed that seven tryptic peptides overlapped with corresponding peptides of Qfl (group III phage), whereas only two peptides overlapped with those of SP (group IV phage). Furthermore, in the base sequence of the first 200 nucleotides from the T-end of MX1 RNA, about 70 ~ of the nucleotides were homologous to those of the Qfl RNA, whereas the homology to SP RNA was only 53 ~. These results suggest that MX1 is more closely related to group III phages than to group IV phages and we propose that it should be assigned to the former group.
INTRODUCTION
We have isolated many RNA coliphages from natural habitats and classified them into four groups (I to IV) on the basis of serological and several physicochemical properties (Watanabe et al., 1967; Miyake et al., 1969; Furuse et al., 1979) . Using these phages, we have also attempted to correlate structure and function of their RNAs with their classification. The findings so far suggest that our serological grouping of RNA phages is quite consistent with groupings based on other criteria and confirm the existence of close relationships between groups I and II and between III and IV (Miyake et al., 1971 ; Furuse et al., 1979; Inokuchi et al., 1982) . Accordingly, we proposed two major groups of RNA phages, A and B. Group A was subdivided into groups I and II, and B into groups III and IV (Furuse et al., 1979) .
An RNA coliphage, MX1, which was isolated from a natural habitat (sewage collected from domestic drainage) in Mexico, shows interesting intermediate characteristics between groups III and IV, as follows: (i) it is inactivated by antisera against the group IV phage SP and the group III phage Qfl, although anti-SP serum inactivates more extensively (about 100-fold) than does anti-Qfl serum (Furuse et al., 1975) ; (ii) the sizes of phage proteins and RNAs resemble those of group IV phages (Furuse et al., 1979) ; (iii) MX 1 RNA is as good a template as Qfl RNA for Qfl replicase (Yonesaki et al., 1982) ; (iv) MX1 is closer to group III phages than to group IV phages by nucleic acid hybridization (Inokuchi, 1981) . These characteristics suggest that MX1 is intermediate between group III and IV phages.
In order to clarify the taxonomic status of phage MX1, we have now examined other characteristics such as the in vitro read-through protein synthesis directed by MX1 RNA, peptide fingerprints of the coat protein, and the nucleotide sequence in the Y-terminal region of MX1 RNA. We have found that MX1 is closer to group III phages than to group IV phages. Nonetheless, MX1 remains the least typical member of group III.
t Present address: Department of Microbiology, School of Medicine, Tokai University, Isehara, Kanagawa 259-11, Japan. 
METHODS
Preparation of phages and their RNAs. Phage MX1, group III phages Qfl, VK and ST, and group IV phages SP, TW 19, TW28 and ID2 were separately grown on Escherichia coli A/2 in a peptone-glucose medium supplemented with 0.25% yeast extract and l0 mM-CaC12 (Hirashima et aL, 1977) .
Phages were purified and RNAs were extracted as described previously (Pace et al., 1968) . Cell-free protein synthesis directed by various phage RNAs and SDS-polyacrylamide gel electrophoresis. Cell-free protein synthesis in the E. coli system was as described by Furuse et al. (1979) , except that the concentration of magnesium acetate was 8 mM. Products were analysed by SDS-PAGE (Strauss & Kaesberg, 1970) .
Peptidefingerprint analysis of coat protein, t4C-labelled coat protein was synthesized as described above, except that the magnesium acetate concentration was lowered to 6 mM to increase the yield (Hirashima et al., 1979) . To purify the coat protein, the reaction products were subjected to SDS-PAGE as described above and radioactive protein was extracted from the gel with a buffer containing 10mM-sodium phosphate pH7.2, 1~o 2- (d) ddA ddC ddG ddT
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followed by electrophoresis at pH 3-5 (buffer: 0-374 M-acetic acid, adjusted with pyridine) for 2.5 h at 300 V at room temperature. The plate was dried and then sprayed with 0.5 ~ ninhydrin in acetone. Radioactive spots were visualized by autoradiography using Fuji X ray film RXO. RNA sequencing. Phage RNA was sequenced by the methods of Sanger et al. (1977) with modifications described by Inokuchi et al. (1982) and of Peattie (1979) . When Peattie's method was used, phage RNAs were post-labelled with [5'-32p]cytidine 3',5'-diphosphate and purified T4 RNA ligase (Sugiura et al., 1979) , as described by England et al. (1980) . The labelled RNA was purified by sucrose density gradient centrifugation and digested with E. coli RNase IV which had been partially purified according to the method of Gesteland & Spahr (1969) . The labelled RNA segment (about 7S in size) was then purified by polyacrylamide gel electrophoresis (Maxam & Gilbert, 1977) and sequenced directly.
R E S U L T S

Comparison of the expression of the read-through protein of MX1 with those of group III and I V phages
In previous work (Hirashima et al., 1979) , we observed that under identical conditions the group III phage Q/~ R N A produced twice as much read-through protein (protein IIa) as the group IV phage SP RNA. To confirm this observation, we compared read-through protein synthesis directed by various RNAs from group III and IV phages. Fig. 1 shows the S D S -P A G E profiles of phage protein products. As can be seen, replicase subunit protein [I, 65 000 mol. wt. (65K)], read-through protein (II, 38K), coat protein (III, 15K for group III, 16K for group IV) and some unidentified proteins were synthesized in this system. However, the ratio of readthrough protein to coat protein directed by group III phages ST (Fig. 1 a) and VK (Fig. 1 c) was about 1-8-fold larger than that of group IV phages TW19, ID2 and TW28 (Fig. 1 d, e and f) . Other phages from these groups gave similar results (data not shown). This property seems a useful criterion for distinguishing group III phages from group IV phages. Comparing Fig. 1 (b) to the other five profiles, it is clear that this property places MX1 into group III.
Comparison of tryptic peptides of MX1 coat protein with those of Q[~ and SP coat protein
Since phage MX1 is serologically closer to group IV phage SP than to group III phage Qfl, and since serology reflects coat protein properties, the amino acid sequence of MX1 coat protein -20 et al. (1982) . Underlined nucleotides indicate the sequences of more than eight nucleotides homologous between Qfl and MX1, and between MX1 and SP.
Bases with parentheses show uncertain identity due to band compression.
could be expected to resemble that of SP more than that of Qfl. As can be seen in Fig. 2 (a) among 19 ninhydrin spots from MX1 coat protein and 17 radioactive spots from the corresponding in vitro product there was an overlap of 15 spots. Thus, radioactive MX1 protein is useful for further analysis. As seen in Fig. 2(b) , in the combination of MX1 and Qfl, seven overlapping spots were detected. In contrast, in the combination of MX1 and SP, only two overlapping spots appeared (Fig. 2c) . Several independent fingerprints gave the same result, as did the reverse combination of radioactive and non-radioactive proteins. In a similar manner, tryptic peptides of the coat protein were compared in the combination of Qfl and ST (group III), of MX1 and ST, and of Qfl and SP. Qfl shared about 72 ~o (13 out of 18 spots, Fig. 2d ) and MXI about 47 ~ (8 out of 17 spots) of peptides with ST (Fig. 2e) . On the other hand, Qfl had only two spots in common with SP (Fig. 2f) . Therefore, it seems that the coat protein amino acid sequence of MX1 more closely resembles that of group III phages than that of the group IV phage SP, although MX 1 is distinct from Qfl and ST.
Comparison of the nucleotide sequence at the 3"-terminal region of MX1 RNA with those of Qfl and SP Recently, we determined the nucleotide sequences at the 3'-termini of RNAs from RNA coliphages and found the sequences within a group to be homologous (Inokuchi et al. 1982) . Therefore, it was thought that comparison of the nucleotide sequence of MX1 RNA with the sequences of group III and IV phage RNAs would give us an idea of the classificatory status of MX1. Thus, the 200 nucleotides from the untranslated 3'-end of MX1 RNA were sequenced (Fig. 3) . When the sequence data for the three phages were compared, six homologous clusters (octamers or more) were observed between Qfl and MX1 but only two such clusters between SP and MX1 (Fig. 4) . The total sequence homology of MX1 to Qfl and SP was estimated at 69~ and 53~o respectively. This indicates that MX1 is more closely related to Qfl than to SP. In general, comparing the homology of MX1 RNA with other group III phage RNAs (Qfl, VK, ST), MX1 diverged by more than 30~o from these sequences whereas the sequence divergence among the other phages of group III was low: 0-5 ~o (only one base substitution) between Qfl and ST, and about 7~ both for Qfl and VK, and for VK and ST.
DISCUSSION
To clarify the taxonomic status of phage MX1, we examined read-through protein synthesis directed by MX1 RNA, tryptic peptides of the MX1 coat protein, and RNA sequence at the 3'-terminal region of MX1 RNA. By comparing the results from MX1 with those from group III and IV phages, we conclude that MX1 is a member of phage group III. This agrees with a previous classification of MXI (Yonesaki et al., 1982) , based on the template specificity of its RNA with regard to Qfl and GA replicases. The peptide map analysis of the coat protein (Fig. 2) and the nucleotide sequence analysis revealed that MX1 was the most diverging phage in the group III phages so far tested. The extent of base sequence homology in the 200 residues at the 3' ends of group I phage MS2 and group III phage Qfl was estimated at about 67~ and that of Q/~ and group IV phage SP at about 54~o (Inokuchi et al., 1982) . In view of these findings, an estimated homology of only about 65 ~o in corresponding sequences of MX1 and other group III phages seems rather low, especially if one takes into account that all other group III phages show more than 90~ homology in pairwise combinations.
This study does not explain why MX1 cross-reacts serologically with SP antiserum. Two spots which overlapped in the peptide fingerprints of MX 1 and SP (Fig. 2 c) also overlapped in Q fl and SP (Fig. 2f) , which are serologically unrelated. This suggests that small differences in amino acid sequence can lead to appreciable changes in the serological property, as reported for group I phage by Van Assche et aL (1972 . We have also isolated serological mutants with presumably slight changes in amino acid sequence. An example of this type of change is a naturally occurring serological intermediate (phage JP34) between groups I and II which was first assigned to group I on the basis of serological tests but later to group II by several other criteria (Furuse et al., 1973 (Furuse et al., , 1979 Inokuchi et al., 1979) . Another example is a serological mutant of GA (group II) which behaved serologically as a group I phage but which remains in group II by other criteria (H. Harigai et al., unpublished data) . Considering the high mutation frequency in RNA phages (Briebricher et al., 1981) , coat protein mutations may be common in natural habitats.
This work was supported in part by grants from the Ministry of Education, Science and Culture of Japan, from the Keio University School of Medicine Research-Aid Fund, and from the Keio University Research-Aid Fund.
